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Objective: To determine in an observational study whether N-terminal pro-brain natriuretic peptide (NT-
proBNP) is raised in patients with an atrial septal defect (ASD) and whether concentrations change after
interventional closure.
Methods: 12 patients (6 men, mean (SD) age 44.4 (18.6) years) with a moderate sized ASD type II (23.3
(4.5) mm, pulmonary to systemic flow ratio 2.1 (0.68)) were investigated. In all patients a magnetic
resonance imaging (MRI) study was performed and NT-proBNP was assessed at baseline and early (9 (13)
days) and late (138 (64) days) after intervention.
Results: Concentrations of NT-proBNP were found to be within the normal range at baseline (median
87 pg/ml, interquartile range 65–181 pg/ml) but increased early after the interventional closure
(315 pg/ml, 133–384 pg/ml, p = 0.005 versus baseline). The increase of NT-proBNP was associated
with an increase in left ventricular dimensions as assessed by MRI (left ventricular end diastolic volume 104
(27) ml to 118 (27) ml, p = 0.003). Late after ASD closure NT-proBNP returned to baseline
concentrations (102 pg/ml, 82–188 pg/ml, p = 0.004 versus early follow up).
Conclusion: These findings suggest the presence of transitory haemodynamic stress during adaptation of
the left ventricle after ASD closure, which may contribute to the understanding of the pathological
mechanism of acute heart failure and delayed improvement of exercise capacity after ASD closure.

A
n atrial septal defect (ASD) of the secundum type is a
common form of congenital heart disease in adults.1 2

For symptomatic patients or patients with a relevant
shunt volume (pulmonary to systemic flow ratio . 1.5) ASD
closure is generally recommended. Standard therapy used to
be surgical closure, which has been practised for over 45 years
with good results and a low risk.3 4 However, interventional
ASD closure has become a frequently used alternative to
surgery in recent years with a high success rate and low
complication rate. Nevertheless, there are several reports on
the incidence of acute heart failure after surgical closure,
requiring partial reopening of the defect in some patients,
and case reports of patients developing acute heart failure
after interventional closure.5–10 In keeping with these results
an increase in cardiopulmonary exercise capacity has been
found not within the first two months after ASD closure but
after 6–12 months.11–13 The underlying pathological mechan-
ism for acute heart failure and the delayed improvement after
ASD closure are not fully understood. Although data derived
from several studies are consistent, showing haemodynamic
and functional improvement of the right ventricle, only
sparse data exist on the left ventricular function of patients
with an ASD, and haemodynamic and morphological
changes of the left ventricle after ASD closure showing an
increase in left ventricular end diastolic volume (LVEDV) and
ejection fraction.14–20

B-type natriuretic peptide (BNP) is synthesised by the
myocardium as a prohormone (preproBNP). After cleavage,
BNP and its N-terminal fragment (NT-proBNP) are released
into the circulation in equal proportion. The stimulus for
their release is an increase of ventricular wall stress caused by

either pressure or volume overload of the cardiac ventricles.
In several studies both markers have proved to be highly
sensitive for myocardial stress in various cardiovascular
disorders.21

The goal of this observational study was to determine
whether NT-proBNP is increased in patients with an ASD and
whether concentrations change after interventional closure.

METHODS
In this analysis we enrolled 12 adult patients who underwent
interventional ASD closure. For these patients serum speci-
mens before ASD closure and during follow up were available
and they underwent transthoracic echocardiography study
and magnetic resonance imaging (MRI) at baseline and
during follow up. All patients were clinically assessed for
functional status according to the New York Heart
Association (NYHA) criteria.

Haemodynamic assessment
Right heart catheterisation was performed by a common
technique and in all patients pulmonary capillary wedge
pressure, pulmonary artery pressure, and right atrial pressure
were measured. Shunt volume was calculated by oximetry
according to the Fick principle and expressed as the
pulmonary to systemic flow ratio. Defect size was measured
as stretched balloon diameter.

Abbreviations: ASD, atrial septal defect; BNP, B-type natriuretic
peptide; BSA, body surface area; LVEDV, left ventricular end diastolic
volume; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-
brain natriuretic peptide; NYHA, New York Heart Association
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Echocardiography
Transthoracic echocardiography was performed with an
Agilent Sonos 1.75–3.5 MHz scanner (Phillips Medical
Ultrasound) with the use of harmonic imaging. A complete
examination according to current guidelines was per-
formed.22 Left ventricular end diastolic diameter (LVEDD)
was assessed by M mode in the left parasternal view. Left
ventricular function was quantitatively assessed and calcu-
lated according to the modified formula of Quinones et al.23

Magnetic resonance imaging
MRIs were recorded on a 1.5 T Sonata scanner (Siemens,
Erlangen, Germany). Standard fast precession steady state
(repetition time 48 ms, echo time 1.6 ms, slice thickness
5 mm, flip angle 60 ,̊ single acquisition) sequences were used
in the breath hold technique. Pre- and post-interventional
studies were performed on the same scanner in each case and
identical image planes were chosen. A short axis stack (slice
thickness 10 mm, no gap) spanning the entire left ventricle
was acquired. The most basal end diastolic and end systolic
frames were carefully chosen to avoid inclusion of atrial or
left ventricular outflow tract areas. Endocardial and epicar-
dial contours were drawn in each slice by using commercially
available software (Argus; Siemens, Erlangen, Germany).
Papillary muscles were included in blood pool volumes. Left
ventricular functional parameters such as ejection fraction,
end diastolic volume, end systolic volume, and stroke volume
were calculated by multiplying area with slice thickness
according to Simpson’s method. End diastolic and end
systolic diameters were measured in short axis views at the
level of the tip of the papillary muscles. Two experienced and
independent observers analysed the magnetic resonance and
echocardiographic data. The observers were blinded to the
results of clinical examination and to NT-proBNP concentra-
tions.

NT-proBNP measurement
Blood was taken from an antecubital vein into gel filled tubes
containing no anticoagulant (S-Monovette 4.9 ml Z-Gel;
Sarstedt, Nürnbrecht, Germany) from all patients. The
specimens were centrifuged within one hour and serum
was frozen at 280 C̊ until analysis. NT-proBNP was
measured by an electrochemiluminescence immunoassay
(Elecsys proBNP; Roche Diagnostics, Mannheim, Germany).
The upper reference limit was defined as the 97.5th centile of
healthy blood donors according to the manufacturer’s
information.

Statistical analysis
Concentrations for NT-proBNP are given as median and
interquartile range and all other data as mean (SD). For
statistical analysis the Mann-Whitney test for unpaired non-
parametric data, the Wilcoxon test for paired non-parametric
data, and the Friedman test for n samples of paired non-
parametric data were performed. For all statistical analysis
the statistical software SPSS 10.0 for Windows was used
(SPSS Inc, Chicago, Illinois, USA).

RESULTS
Twelve patients (six men) clinically stable in NYHA class I–III
with an indication for percutaneous ASD closure were
studied. Table 1 shows the detailed baseline characteristics
of the patients. All patients had preserved left ventricular
function with a mean ejection fraction of 60.5 (5.1)%.
Examinations with blood drawing, echocardiography, and
MRI took place at baseline before ASD closure, early during
follow up with a median duration of 9 (13) days after ASD
closure, and late after intervention with a median duration of
138 (64) days.

Three patients had NT-proBNP concentrations at baseline
increased above the upper reference limit. This rise of NT-
proBNP was only slight in two patients with a 4% (201 pg/ml
(upper reference limit 194 pg/ml)) and 21% and (269 pg/ml
(upper reference limit 222 pg/ml)) increase above the upper
reference limit. We found a large increase of 336% above the
upper reference limit (845 pg/ml (upper reference limit
194 pg/ml)) in only one patient. NT-proBNP concentrations
increased after ASD closure in 11 patients from baseline to
early follow up and returned to baseline concentrations from
early to late follow up (fig 1A). In only one patient with an
already greatly increased concentration of NT-proBNP on
admission, we observed no further increase after ASD

Table 1 Baseline characteristics of the patients

Women 6 (50%)
Age (years) 44.4 (18.6) (22–71)
Body surface area (m2) 1.8 (0.2) (1.5–2.1)
Creatinine (mmol/l) 77.8 (32.7) (48.6–157)
Ejection fraction (%) 60.5 (5.1) (51–67)
Mean pulmonary artery pressure (mm Hg) 16.3 (6.3) (9–26)
Pulmonary to systemic flow ratio 2.1 (0.68) (1.3–3.3)
ASD size (stretched diameter) (mm) 23.3 (4.5) (16–30)

Values are given as frequency (%) or mean (SD) and range.
ASD, atrial septal defect.
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Figure 1 N-terminal pro-brain
natriuretic peptide (NT-proBNP)
concentrations at baseline, and early (9
(13) days) and late (138 (64) days)
after interventional atrial septal defect
(ASD) closure. (A) Values for each
patient. (B) Median values.
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closure. Table 2 gives the median concentrations and
interquartile ranges of NT-proBNP (fig 1B).

LVEDV unadjusted and adjusted for body surface area
(BSA) at baseline assessed by MRI were reduced as compared
with established normal values (LVEDV: 104 (27) ml v 121
(34) ml; LVEDV/BSA: 58 (14) ml/m2 v 66 (12) ml/m2,
respectively).24 After ASD closure we found an increase of
LVEDV and LVEDD and of the respective values adjusted for
BSA from baseline to early follow up. Values remained
unchanged, however, from early to late follow up (fig 2).
Similar results were found for left ventricular end diastolic
diameter assessed by echocardiography with an increase from
baseline to early follow up but no further change from early
to late follow up (43.4 (3.3) mm, 47.9 (2.7) mm, and 46.1
(5.2) mm, p = 0.011 for baseline versus early follow up and
p = 0.623 for early versus late follow up). Left ventricular
end systolic diameter assessed by MRI remained unchanged
from baseline to early and late follow up (table 1). In contrast
right ventricular end diastolic diameter (fig 2), right

ventricular end diastolic volume, and right ventricular end
systolic volume assessed by MRI decreased from baseline to
early follow (table 2).

Left ventricular function assessed as the calculated ejection
fraction by echocardiography increased from baseline to early
follow up after ASD closure (59.2 (4.9)% v 63.4 (3.6)%,
p = 0.046), but remained unchanged from early to late
follow up (62.8 (4.2)%, p = 0.887).

DISCUSSION
In this observational study we investigated NT-proBNP, a
biomarker of neurohormonal activation in patients with an
ASD of the secundum. We showed that NT-proBNP is not
increased in patients with a moderate sized ASD but
increases early after interventional closure with a return to
normal values during further follow up. The increase of NT-
proBNP was associated with an increase in left ventricular
dimensions and an improvement in function as shown by
MRI and echocardiography.

Table 2 Results of assessments at baseline, and early and late after ASD closure

Baseline Early Late
p Value
(Friedman test)

NT-proBNP (pg/ml) 87 (65–181) 315 (133–384) 102 (82–188) ,0.001
Magnetic resonance imaging

LVEDV (ml) 104 (27) 118 (27) 119 (22) 0.001
LVEDV/BSA (ml/m2) 58 (14) 66 (13) 66 (12) 0.001
LVEDD (mm) 46.7 (5.1) 48.0 (4.2) 48.8 (3.9) 0.016
LVEDD/BSA (mm/m2) 26.2 (3.3) 26.9 (2.9) 27.4 (3.3) 0.016
LVESD (mm) 31.3 (4.7) 31.6 (4.5) 32.8 (3.2) 0.67
RVEDD (mm) 45.6 (7.0) 38.6 (4.3) 36.2 (7.9) 0.001
RVEDV (ml) 211 (70) 129 (37) 139 (42) 0.015
RVESV (ml) 110 (37) 72 (21) 73 (43) 0.015
RVEF (%) 47.0 (6.1) 43.6 (6.3) 50.8 (13.8) 0.165

Echocardiography
LVEDD (mm) 43.4 (3.3) 47.9 (2.7) 46.1 (5.2) 0.016
EF (%) 59.2 (4.9) 63.4 (3.6) 62.8 (4.2) 0.067

Data are median (interquartile range) or mean (SD).
EF, ejection fraction; LVEDD, left ventricular end diastolic diameter; LVEDD/BSA, left ventricular end diastolic
diameter adjusted to body surface area; LVEDV, left ventricular end diastolic volume; LVEDV/BSA, left ventricular
end diastolic volume adjusted to body surface area; LVESD, left ventricular end systolic diameter; NT-proBNP, N-
terminal pro-brain natriuretic peptide; RVEDD, right ventricular end diastolic diameter; RVEDV, right ventricular
end diastolic volume; RVEF, right ventricular ejection fraction; RVESV, right ventricular end systolic volume.
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by magnetic resonance imaging (MRI),
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The left to right shunt in patients with an ASD leads
primarily to a volume overload and increased myocardial
stress of the right ventricle. Consequently right ventricular
dimensions are increased in these patients. In contrast left
ventricular geometry is altered with a reduction of left
ventricular dimensions and an impairment of left ventricular
filling.19 25 26 Since the myocardium of the left ventricle is the
major source of BNP and NT-proBNP synthesis, and in ASD
the underlying pathological mechanism is volume overload of
the right ventricle, our observation of normal and only
moderately increased values in patients with an ASD and
normal ejection fraction can be well explained. Thus, our data
suggest that NT-proBNP is probably not of diagnostic use in
moderate sized ASD of adults. However, the prognostic
concentration of NT-proBNP in patients with an ASD is
unknown and needs to be addressed for the evaluation of its
diagnostic utility. But this was not the aim of the present
study. In contrast to our findings a BNP rise in paediatric
patients with an ASD has been described.27 However, these
conflicting findings can result from differences of haemody-
namic adaptation between children and adults. Furthermore,
differences of the diagnostic value of BNP and NT-proBNP
between children and adults have been described. In a study
on neurohormonal activation in adults with congenital heart
disease, Bolger et al28 described an increase of BNP
concentrations. In contrast to our study, their study popula-
tion consisted mainly of patients with highly complex
congenital heart disease and not all of those patients had
undergone corrective surgery. Only four of 53 patients had
either an ASD or a ventricular septal defect, of whom three
patients had undergone defect closure. Therefore, these
results cannot be compared with the results of our study.

Left ventricular dimensions of patients with an ASD
assessed by MRI were reduced as compared with established
normal values and increased early after interventional closure
associated with an improvement in left ventricular func-
tion—for example, left ventricular ejection fraction. Similar
results were obtained by recently published studies in which
left ventricular dimensions were assessed by echocardiogra-
phy.12 20 26 Our findings, together with the results of the above
mentioned studies, suggest that the abolition of the left to
right shunt after ASD closure leads to an increase in left
ventricular filling and thus to an increase in left ventricular
dimensions and an enhancement of left ventricular function.
Together with these haemodynamic changes, we did find an
increase of NT-proBNP concentrations, a biomarker for
myocardial stress, early after ASD closure with a return to
normal concentrations late after ASD closure. Muta et al27

reported similar results when examining the time kinetics of
BNP in children after ASD closure. They found an increase of
BNP immediately and 24 hours after ASD closure with a
return to normal concentrations after one month.
Considering the differences in the half life of BNP and of
NT-proBNP the findings are comparable. These results lead to
the hypothesis that the increase in left ventricular filling after
ASD closure causes a volume overload of the left ventricle
with consecutive haemodynamic myocardial stress. These
findings can also serve as an explanation for the observation
by Kudo et al29 that in 33% of patients aged over 40 years
heart failure develops after ASD closure. Similar reports have
been presented by other authors, although the incidences of
heart failure after ASD closure were lower in these reports.7 8

The underlying pathological mechanism has not been fully
elucidated and is controversial.

The normalisation of NT-proBNP concentrations during a
follow up period of four months and the absence of a further
increase of left ventricular dimensions indicate complete
adaptation of the left ventricle to the haemodynamic changes
occurring after ASD closure. The prolonged adaptation can

also explain the delayed improvement of exercise capacity
after ASD closure assessed by ergospirometry, which we did
not find one month after ASD closure but rather 6–12 months
after closure and which we have reported previously.13 These
results are consistent with results of Brochu et al,30 who found
an improvement of exercise capacity six months after ASD
closure, and of Rhodes et al,11 who found no improvement of
exercise capacity two months after ASD closure. These
findings may also explain a common observation in daily
routine—that some patients do not improve clinically
immediately after ASD closure.

Conclusion
In patients with a moderate sized ASD, NT-proBNP as a
neurohormonal marker reflecting myocardial stress is not
increased. However, NT-proBNP concentrations increase
notably within days after interventional ASD closure asso-
ciated with an increase in left ventricular dimensions and a
return to baseline concentrations within four months. These
findings suggest that the left ventricle is haemodynamically
stressed in response to volume overload after the abolition of
the left to right shunt. This may explain the acute heart
failure and delayed improvement of exercise capacity after
ASD closure.

Although this study is limited by the small number of
patients included, it provides insights into the understanding
of haemodynamic adaptation after ASD closure.
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Unexpected response of saphenous vein graft occlusion to antiplatelet drugs

T
his case involved a 68 year old male diabetic with
nephropathy and coronary artery disease who had
undergone coronary artery bypass graft surgery eight

years previously. He received saphenous vein graft (SVG) to
left anterior descending artery (LAD), obtuse marginal
branch (OM) and right coronary artery (RCA) with extensive
endarterectomy. The patient was clinically stable until one
month ago, when he started having angina on exertion class
III. Coronary angiography revealed a patent SVG to LAD with
diffuse disease distal to the anastomotic site, an occluded OM
graft, and 99% stenosis of the RCA graft with good distal
runoff (left panel) and no evidence of thrombus. He was
initially treated with aspirin, clopidogrel, b blocker, and low
molecular weight heparin, and recommended for percuta-
neous coronary intervention (PCI) for the vein graft to the
RCA, with distal protection device. Three weeks later, he was
admitted for intervention and this time angiography revealed
dramatic resolution of the lesion with insignificant residual
stenosis (right panel).

Predominant mechanisms for SVG disease are thrombosis,
intimal hyperplasia, and accelerated atherosclerosis leading
to recurrent ischaemia which can be treated by repeat
operation or PCI. However, PCI of SVG disease is complicated
by a high rate of procedural and long term complications due
to distal embolisation causing no reflow, periprocedural
infarction, and subsequent restenosis.

In this patient, antiplatelet agents alone seem to have
resolved the lesion to a large extent, obviating the need for
intervention. This case illustrates the importance of adequate
pre-treatment with antiplatelet therapy for vein graft inter-
vention, even if the diagnostic angiogram does not show any
obvious thrombus.
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